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Abstract: Access to water for domestic and irrigation uses remains limited across Sub-Saharan Africa, 

particularly in rural areas. While the technical feasibility of implementing innovative technologies to 

improve water supply has been often evaluated, less is known about the drivers that motivate users to pay 

for obtaining the inherent benefits of improved water supply. In this article, the determinants of the marginal 

willingness to pay (mWTP) for improved domestic and irrigation water are investigated. For this purpose, 

a contingent valuation study is performed in rural Rwanda. This study uses survey data from 316 households 

situated in 8 villages, in which ~20 % of the households receive electricity thanks to microgrids powered 

by solar energy. It is found that the mWTP for improved domestic water supply is influenced by the 

proportion of children in the household, business ownership, and satisfaction with water quantity and 

quality. The mWTP for irrigation is determined by respondent education, business ownership and crop area 

planted. This paper contributes to the literature by allowing a comparison of the determinants of the mWTP 

for improved domestic water supply to the determinants of the mWTP for irrigation. Another contribution 

is to examine the mWTP for improved water infrastructure in partially electrified villages. Identifying areas 

with high marginal benefits from water can guide infrastructure investment and electrification efforts while 

improving well-being and increasing revenues in rural areas.   

Keywords: Domestic water, Irrigation, Electricity access, Contingent valuation, Willingness to pay, 

Rwanda   

1. Introduction  

 In Sub-Saharan Africa, more than 300 million people use unimproved water sources, notably in rural 

areas (United Nations [UN] 2015). Correlation and causality between low quality water, which does not meet the 

international standards for drinking (World Health Organization, 2011), and diseases such as diarrhea, trachoma 

or malaria have been clearly established  (Howard and Bartram 2003). Unimproved water supply is also associated 

with significant time losses due to long travel times and queuing times at water points (Bartram and Cairncross 

2010). In addition to the lack of water for domestic uses, water for irrigation is also scarce in Africa and is 

concentrated in a few countries (You et al. 2011). Improving supply to domestic water and irrigation is key to 

foster socio-economic development (Bartram and Cairncross 2010; Yami 2016).  Rwanda is a relevant country to 

study water access challenges because 52% of the rural population does not have access to basic water services 

for domestic use (Rwandan Ministry of Infrastructure 2017) and daily domestic water collection time is significant 

(Ngoga 2015). The Rwandan government has set ambitious objectives for domestic water access, as it aims at 

providing ‘basic water access’ to the whole population by 2020 and access to ‘safely managed water’ by 2030 

(Rwandan Ministry of Infrastructure 2017). Regarding irrigation, despite the important water resources in Rwanda, 

motorized irrigation remains largely unexploited (Ngabonziza and Maimbo 2010). Improving affordable water 

infrastructure in poor rural areas can also help Rwanda achieve UN sustainable development goal number 6 (UN 

2018), which is to increase access to clean water and sanitation. 

 Researchers, policymakers, and entrepreneurs have been working on technological innovations to 

improve water supply in rural areas, notably through the use of solar energy (Kaldellis et al. 2009; Campana et al. 

2013). For instance, solar pumping systems for domestic water (Meunier et al., 2019) and for irrigation (Campana 
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et al., 2013) were modelled, and  Kaldellis et al. (2009) modelled a system where solar energy is used both for 

pumping and for another electrical load such as lighting. Moreover, solar pumping is a productive electricity use 

that is very often considered by microgrid companies. In Rwanda, increasing the occurrence of motorized 

irrigation, notably through the installation of diesel pumps, is one of the major objectives of the governmental 

‘Irrigation Master Plan’ presented in 2010 (Ngabonziza and Maimbo 2010). In addition to public efforts, Rwanda 

also has an active private sector related to water and electricity access. For example, the company Gaia Survey has 

been working in water resources engineering, the firms Meshpower (Meshpower 2018) and Bbox (Bbox 2018) 

have been providing electricity access in rural areas, and FuturePump has been installing solar pumps for 

smallholder irrigation (Davies 2017). 

 However, the problem of water access cannot be solved solely through improved water supply 

technologies. Households’ willingness to pay (WTP) for the service is also a crucial part of finding a sustainable 

solution for providing pumped water (World Bank 1993). Understanding the drivers of the WTP for improved 

domestic and irrigation water can ensure that innovations reach the households and regions where it generates the 

most value. It is therefore key for the economic and social sustainability of water infrastructure (Manning et al. 

2015). In addition, it may help to predict the use of water resources and may therefore orientate strategies to ensure 

the environmental sustainability of these resources. Therefore, in this paper, we estimate and compare the 

determinants of the marginal WTP (mWTP) for improved domestic and irrigation water. This comparison is 

performed through a comprehensive review of the literature and a contingent valuation method (CVM) survey 

administered in rural villages of central Rwanda.  

 The main contribution of our study is to compare the determinants of the mWTP for domestic water with 

the ones for irrigation. Indeed, previous studies focused only on one of these two uses. The comparison is relevant 

because it allows us to know if policy schemes which target both domestic water and irrigation can be designed. 

Our approach, therefore, contributes to the understanding of the marginal value of these two types of water uses. 

Another contribution of our study is that it occurs in villages in which ~20 % of the households are electrified, 

thanks to microgrids powered by solar energy. This makes motorized water pumping a technically feasible option. 

It also allows the examination of the relationship between microgrid electricity use and the mWTP for improved 

water infrastructure. Learning about the demand for new electricity uses, such as motorized water pumping, is key 

to sustainably improving energy access and meeting sustainable development goal number 7, related to affordable 

and clean energy (Manning et al. 2015; UN 2018). 

 The results of this study help governments, private sector providers, and non-governmental organizations 

(NGOs) to better target communities where water provision has larger benefits, inform them about the value of 

investing in water supply, and provide guidance on the prioritization of investments (Bennett and Birol 2010; 

Perez-Pineda and Quintanilla-Armijo 2013). It also has the potential to improve the financial viability of these 

investments (Whittington et al. 1991).  

 Section 2 compares the determinants of the WTP for domestic water and irrigation encountered in the 

literature. Section 3 presents the study site, the data collected, and the model proposed. Section 4 presents the 

summary statistics for the variables of the model, and the results of the contingent valuation study. Section 5 

discusses policy implications of our results. 

2. Literature review: determinants of the willingness to pay for improved domestic 

water supply and irrigation 

 There are two main methods for estimating the WTP for services from public infrastructure: revealed 

preferences and stated preferences. Revealed preferences use observations of actual behaviour and choices 

regarding the public infrastructure. Stated preference methods such as the contingent valuation method, use survey-

based methods to elicit WTP for hypothetical goods or services. Survey respondents are asked to state the 

hypothetical use of a good or the price they would be pay for the good or service. In rural areas of developing 

countries, revealed preference methods are often not applicable because the investments that are being valued are 

not yet available, and the results obtained in areas where these investments have taken place do not apply to the 

targeted rural areas (Manning and Loomis 2016). Therefore, despite their limitations (Hausman 2012), stated 

preferences methods provide a useful way to value investments in these unserved regions (Manning and Loomis 

2016). Several types of stated preference methods have been used to study the value of investments in developing 

countries, including open ended questions (Al-Assaf 2015), payments cards (Popoola and Ajewole 2010), single-

bounded (Alhassan and Mohammed 2013) and double-bounded (Bhattarai 2015) dichotomous choice, choice 
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experiments (Kaffashi et al. 2013), and bidding games (Ezebilo et al. 2010).  

 Here, we review the articles that have tested the correlation between a set of variables and the WTP for 

either domestic water or irrigation in poor areas of developing countries. It is important to notice that, in these 

articles, willingness to pay (WTP) is used as a generic term for the propensity to pay. In many cases, these articles 

actually evaluate the marginal willingness to pay (mWTP), i.e., the maximum price a respondent would pay per 

unit of water, as in (Calkins et al. 2002) and (Harun et al. 2015), or the amount of money that respondents are 

prepared to pay for access to a given service, independent of the quantity of water consumed, as in (Perez-Pineda 

and Quintanilla-Armijo 2013) and (Zakaria et al. 2013). This can be explained by the fact that reliably evaluating 

the intended water quantity consumed may not be possible, because respondents have not experienced water use 

with the improved water supply infrastructure proposed. In this article, we also refer to the WTP as a generic term 

representing the propensity to pay and to the mWTP as the maximum price a respondent would pay per unit of 

water they would purchase. 

 While previous studies focus on either domestic water or irrigation, this review aims at comparing the 

drivers of the WTP for both uses. The results are summarized in Table 1. The WTP for improved domestic water 

supply and irrigation are separated into two different columns. For each of the reviewed studies, we specify which 

variables correlate positively, negatively, or do no correlate with the WTP. The variables encountered in the 

literature are grouped into 3 different categories: demographic, economic, and water access. The results of our 

contingent valuation study, which are detailed in section 4, are included in Table 1 as reference “M”, to ease 

comparison to the literature. 

 The variables that are too study-specific or not sufficiently defined in the articles are not reported. 

Moreover, we exclude price because we are interested in variables that shift the demand curve across households. 

When the correlation of a variable with the WTP is not robust to model specifications, it is indicated that there is 

no correlation. The review on the WTP for domestic water considers access to hand pumps, motorized pumps, and 

piped water. Indeed, the WTP determinants for these three levels of service are expected to be similar. For 

irrigation, only studies on small-scale irrigation projects are taken into account. 

 In a limited number of cases in Table 1, a reference is cited several times for the same variable and WTP 

category (domestic water or irrigation). For instance (Arouna and Dabbert 2012) is cited twice for the variable 

“education” and the category “domestic water”, as both positively and negatively correlated. In some cases, as in 

(Arouna and Dabbert 2012), this is because multiple variables (with different signs of the marginal effects) fall 

within a given variable category of Table 1. In other cases, a reference may combine several studies which find 

different results. For instance, some references study the WTP for both improved water quantity and quality 

(Farolfi et al. 2007), and others examine WTP for different levels of improved water supply (Altaf et al. 1992).  

 A first observation that can be made from Table 1 is that results vary very significantly across studies. A 

deeper analysis reveals that WTP determinants are very location dependent. In the following paragraphs, the 

variables which emerge as having a clear influence on the WTP are discussed. It is important to highlight that 

variables of the table that are not discussed may still influence the WTP in some cases.  

 Regarding demographic variables, education has a clear and positive impact on the WTP for both 

domestic water and irrigation. Indeed, people with higher education may be better placed to capitalize on the 

benefits of improved water supply. Gender also influences the WTP for domestic water. Women are more willing 

to pay for improved domestic water supply than men, which seems logical as women are most often the household 

members responsible for water collection in Sub-Saharan Africa (Graham et al. 2016). In addition, we observe that 

household size seems to increase the WTP for domestic water, which may be due to the fact that water collection 

for large families is very physically demanding. It also appears that age is negatively correlated with the WTP for 

domestic water, which might be due to inertia or to the fact that older respondents have a shorter planning horizon. 

Another explanation may be that older people may not expend as much effort to acquire water, as they may be 

assisted by neighbours and family for water collection. On the other hand, age is positively correlated with the 

WTP for irrigation. This could be partly driven by greater experience with drought among older farmers.  

 The most consistent economic determinant of the WTP for both domestic water and irrigation is wealth, 

which is consistent with water as a normal good in consumer theory. Crop area planted is positively correlated 

with the WTP for irrigation. This may occur when irrigated production exhibits economies of scale.  
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Table 1 - Determinants of the WTP for improved domestic water supply and irrigation encountered in the literature 

Variable 

 

WTP for domestic water  WTP for irrigation 

Estimated Correlation 

Positive None Negative Positive None Negative 

Demographic 

Education 1 2 3  

4 5   

4 6 7  

8 9 10 

3 16 17 18  

19 M 

20 21 22 22 

Marital status (1 if married)  6   21  

Gender (1 if male)  1 2 10  

11 12  

1 4 10  

13  

 16 19 20 

21 

 

Age 3 13 M 6 8 10  

12  

2 4 10  

14 15  

18 21 22 16 20 22 19 

Household size 4 9 10  

15  

3 8 6 

9 10 11  

2 12 18 16 17 20 

21 

 

Awareness of water borne diseases 

(1 if aware) 

13 2 5 8  

9 11   
    

Economic 

Wealth/income/expenditure 1 2 3 4  

6 8 11  

13 15 

4 5 6 

9 10 12  

7 9 10 18 19 16  

Distance from the household to the 

nearest market 

    16 17 

Property owned (1 if owned)  4     

Involvement in off farm income 

activity (1 if involved) 

7 M 4  M 17 22  

Access to credit (1 if access)    17 16  

Income from irrigated farm    16   

Insecurity of land tenure  

(1 if insecure) 

15      

Land owned (1 if owned)    18  20 

Lease price of the farmland      20 

Area planted    17 19 M 22  

Water access 

Expenditure for current water access 7 5    18 

Time/Distance to the current source 1 4 13 

14 15 

8   17 16 

Satisfaction with current water 

supply (in terms of quantity and 

quality) (1 if satisfied) 

 4 5 8  

11 12 

1 2 4 

9 M 

 21  

Awareness/participation in water 

supply projects (1 if aware) 

 4 10 11  10 16   

Satisfaction with previous water 

improvement projects (1 if satisfied) 

10      

Quantity of water consumed 4 13  12 13    

Respondent considers that water 

should be provided for free by the 

state (1 if yes) 

 4     

Queuing time/Time spent pumping 9 3     

Awareness of best agricultural 

practices (1 if aware) 

   17 16 17 16 

Irrigation experience 

(1 if experienced) 

   17 19   

For each variable, references that find that it does not correlate with the WTP (p-value>0.1) are below “None”, the ones that 

find that it correlates positively are below “Positive” and the ones that find that it correlates negatively are below “Negative“.  

References on domestic water: 1 (Whittington et al. 1990); 2 (Wondimu and Bekele 2011); 3 (Arouna and Dabbert 2012); 4 

(Altaf et al. 1992); 5 (Rahman et al. 2017); 6 (Adenike and Titus 2009); 7 (Whittington et al. 1991); 8 (Boadu 1992); 9 

(Akram and Olmstead 2011); 10 (Kaliba et al. 2003); 11 (Perez-Pineda and Quintanilla-Armijo 2013); 12 (Fujita et al. 2005); 

13 (Farolfi et al. 2007); 14 (Wright et al. 2014); 15 (Calkins et al. 2002). 

References on irrigation: 16 (Kiprop et al. 2017); 17 (Angella et al. 2014); 18 (Akter 2006); 19 (Mezgebo et al. 2013); 20 

(Alhassan et al. 2013); 21 (Zakaria et al. 2013); 22 (Harun et al. 2015).  

Results of this study: “M”. 
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 For variables related to water access, the WTP for improved domestic water supply is mostly driven by 

time/distance to the current water source and the dissatisfaction, in terms of quantity and quality, with the current 

water supply. Indeed, the distance to the water point and the time allocated to collect water are some of the major 

issues related to water access in the literature (Bartram and Cairncross 2010; World Health Organization and 

United Nations Children's Fund 2010). Moreover, some options for providing improved water supply, such as 

piped water, are very attractive to people who live far away from the water source for it enables them to save a 

large amount of time. For irrigation, a key determinant is irrigation experience: people who have tried irrigation 

are more likely to invest in it. Indeed, they may be more acquainted with the advantages of irrigation and may have 

the knowledge to put additional water to beneficial use. 

 In addition to providing a summary of WTP studies for improving water infrastructure in developing 

countries, this literature review allows us to identify the variables that are likely to influence the mWTP for 

domestic water and irrigation, separately. These variables have been selected for our contingent valuation study in 

Rwanda (see section 3.3). This literature review also highlights that previous articles did not study the correlation 

between electricity access and the WTP for domestic water or irrigation. In order to investigate a possible link, the 

electricity access variable has been included in our contingent valuation study. 

3. Research methods 

3.1 Study site 

 The contingent valuation study is performed in 8 remote rural villages in the districts of Bugesera, and 

Ngoma in Rwanda (Note 1). The surveyed villages are located in the area specified by the black rectangle in Figure 

1. In aggregate, there are 1594 households and approximately 7000 inhabitants in the 8 villages. Approximately 

80% of the inhabitants work in agriculture and the average household monthly income is 50 USD. Houses do not 

have access to piped water and have to collect domestic water manually at surface sources or wells. Moreover, 

very few farmers irrigate their fields.  

 Households are not connected to the Rwandan national electricity grid and the majority of the electrified 

households of the villages are customers of a single microgrid company. In total, 20 % of the 1594 households are 

electricity customers and the villages are therefore partially electrified. Microgrids are powered by photovoltaic 

(solar) energy with battery storage.  Customers are served with low-voltage DC electricity suitable for lighting, 

mobile phone charging, and small appliances such as radios or televisions. Such microgrids are capable of 

supporting productive uses of electricity, including motorized water pumping. The surveyed villages are 

representative of other poor and partially electrified villages in Rwanda. 

 
Figure 1 - Location of the study region – Surveyed villages are inside the black rectangle  

Source of the maps: (Africa Guide, 2019) (Mapsland, 2019) 
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3.2 Data collection 

 In October 2017, a survey was performed in the 8 villages in collaboration with the microgrid company 

which is operating in these villages. 40 households were surveyed in each village – 20 electricity customers and 

20 who are not customers. The households surveyed were selected quasi-randomly and the respondents were 

surveyed in-person by the enumerators. There are different sampling probabilities across households due to the 

fact that the number of households varies from one village to another as well as the share of the households which 

have access to electricity. We assign a weight to each surveyed household which is equal to the inverse of the 

probability that the household has of being sampled. The weight therefore corresponds to the number of households 

represented by this surveyed household. The survey asks the respondent about demographic and economic 

information and about current water access. In addition, the survey asks the respondent about his/her mWTP for 

improved domestic water supply, i.e., the maximum price the respondent is willing to pay per unit of water for 

domestic use. The respondent is also asked about his mWTP for irrigation and these mWTP questions are provided 

in appendix. The survey responses are also of interest to our partner microgrid electricity provider, who is 

considering installation of motorized water pumps in the surveyed villages. Only people who planted crops in the 

last 12 months (approximately 80% of surveyed households) were asked the question about the mWTP for 

irrigation, as responses from people who did not plant crops may be less reliable. All respondents agreed to answer 

the relevant mWTP questions.  

 The contingent valuation questions for domestic water supply and irrigation were open-ended elicitation 

questions (see appendix), to allow respondents to relate to the question and minimize information bias. The 

question on the mWTP for irrigation water does not mention motorized pumping systems explicitly in order to 

incite people to identify the true service they would receive, which is continuous irrigation. In practice, providing 

continuous irrigation water in the targeted villages would require motorized pumping because in these villages 

water sources are too far from the field to perform manual irrigation, irrigation by gravity is not achievable, and 

trucked water is not used in the region. Finally, irrigation from motorized pumping may take the form of one or 

several motor-pumps for several fields and we did not want to complicate the question by asking about a specific 

architecture of the pumping system.  

 Our mWTP questions ask for the maximum price a respondent would pay per unit of water, as in (Calkins 

et al. 2002), (Wright et al. 2014) and (Harun et al. 2015). We proposed several units that are commonly used to 

measure water consumption in the study area (see appendix). We then converted the answers to RWF/L and then 

to USD/L. Therefore, we interpret the results as the mWTP for a unit of water. It was not possible to get reliable 

estimates of the intended water quantity consumed because the respondents had not experienced water use with 

the proposed improved water supply infrastructure. As we do not know the intended quantity consumed, we do 

not calculate the magnitude of expected total household expenses for improved domestic water and for irrigation, 

or the total economic surplus generated from these purchases. In this study, the determinants that we consider for 

the mWTP (section 4.2 and 4.3) are expected to also apply to the expected total household expenses for improved 

domestic water and for irrigation. In any case, information on the mWTP can inform allocation decisions across 

multiple types of improved water supplies. In addition, expressing the mWTP per unit of water allows us to 

compare the domestic and irrigation uses.  

 We decided not to do a bidding game or choice experiment, which are common methods for contingent 

valuation, for two reasons. Firstly, we had doubts about the cultural acceptability of such games that mimic 

negotiation in the targeted communities. These games could have resulted in a reduced response rate, and a 

degradation of our partner electricity provider’s reputation amongst their customers. Also, Hanley et al. (2010) 

pointed out that choice experiments have trade-offs in areas of low education and where people are not used to 

choosing among policy options, which is the case in the studied villages. Secondly, the aim of the study is to 

identify the determinants of the mWTP and not the absolute value of the mWTP. While the hypothetical bias 

associated with the use of open-ended questions may affect the absolute value of the mWTP, it should not correlate 

with the determinants that we investigate.  

3.3 Regression model design 

 In order to identify the determinants of the mWTP for improved domestic water supply and irrigation, we 

estimate a model of stated mWTP on household characteristics. It is important to keep in mind that data on mWTP 

and household characteristics are measured through the survey. In order to account for the different sampling 

probabilities (section 3.2), we use probability weights in the regression.  
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 In order to consider zero mWTP values, we use the following tobit model (Tobin, 1958), as in (Wondimu 

and Bekele, 2011) (Mesa-Jurado et al., 2012) (Cho et al., 2005): 

𝑚𝑊𝑇𝑃𝑖
𝑢∗ = 𝛽0

𝑢 + ∑ 𝛽𝑚
𝑢  𝑉𝑚,𝑖

𝑢

𝑀𝑢

𝑚=1

+ 𝛾𝑣
𝑢 + 𝜖𝑖

𝑢     

𝑚𝑊𝑇𝑃𝑖
𝑢 = max{0, 𝑚𝑊𝑇𝑃𝑖

𝑢∗} 

(1) 

where 𝑚𝑊𝑇𝑃𝑖
𝑢 is the stated mWTP of household 𝑖 for use 𝑢 (𝑢 = {domestic, irrigation}), 𝑚𝑊𝑇𝑃𝑖

𝑢∗ is the 

corresponding latent value, 𝑉𝑚,𝑖
𝑢  are the values for household 𝑖 of the explanatory variables considered in the model 

for use 𝑢, 𝑀𝑢 is the number of explanatory variables in the model for use 𝑢, the 𝛽 terms are the regression 

coefficients, 𝛾𝑣
𝑢 is a village fixed effect and 𝜖𝑖

𝑢 is an error term with mean zero assumed uncorrelated with other 

explanatory variables. The village fixed effect is included to control for time-invariant unobserved features of 

villages that may correlate with the mWTP. The model is estimated using maximum likelihood estimation and 

assuming that 𝜖𝑖
𝑢 is normally distributed. 

 The literature review (section 2) is used to choose the variables of our model.  

 The following demographic variables are included for domestic water and irrigation: education, gender, 

age, and household size. For domestic water, the number of visits to the health clinic is also included as it is related 

to the prevalence of water-borne diseases.  

 Regarding economic variables, the household income in the past 30 days is used as a proxy for household 

income, for both the domestic water and irrigation models. Indeed, it would have been difficult for respondents to 

accurately know their income in a larger period of time (e.g., a year). However, we acknowledge that household 

income is subject to measurement error: monthly income changes with crop cycles during the year and many 

households rely heavily on household production of food. The village fixed effect in our model allows us to control 

for the fact that the interviews occurred over some time, and that some villages may have been surveyed 

before/after harvest. We include business ownership as a proxy for involvement in off-farm activities. We also 

include an indicator for if a household is an electricity customer. Access to credit is not represented, as few 

households have access to credit in these villages. For the irrigation model, the proportion of income from 

agriculture, land ownership and the crop area planted are introduced to represent the economic variables related to 

agriculture. The distance from the household to the nearest market is not included because a national village 

concentration policy (Note 2) has encouraged the formation of a market in most villages and the gathering of 

households inside villages.  

 For variables related to water access, we include the time to the current water source, the quantity of water 

consumed, and the satisfaction with current water quantity and quality in the domestic water model. For irrigation, 

as manual and motorized irrigation are scarce, there is very little variation in current irrigation water access. 

Therefore, we do not include water access variables in the irrigation mWTP model.  

 A potential concern is the correlation between the explanatory variables. In order to address this, we 

performed a multicollinearity analysis. For each water use (domestic, irrigation), we computed the correlation 

matrix between the variables and the variance inflation factors for the variables. Results (not reported here) show 

that the explanatory variables in the domestic water model and in the irrigation model are not highly correlated, 

meaning that coefficients can be separately identified through model estimation. 

4. Results 

4.1 Summary statistics 

 Summary statistics are provided in Table 2 for all households, which is the sample used for the model on 

domestic water, and for farming households only, which is the sample used for the irrigation model. Only variables 

used in the models are included.  
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Table 2 - Household statistics - Weighted results 

Variable 
Binary/ 

Continuous 
Description 

Mean  

(standard deviation)  

all  

households:  

sample for domestic 

water model 

farming 

households:  

sample for irrigation 

model 

Demographic 

Education Binary Primary education completed by the 

respondent (1 if yes) 

0.073 

(0.26) 

0.088 

(0.28) 

Gender Binary Gender of the respondent (1 if male) 0.53 

(0.50) 

0.54 

(0.50) 

Age Continuous Age of the respondent (years) 40 

(14) 

40 

(14) 

Proportion of 

children 

Continuous Proportion of children  

(<12 years old) per household 

0.35 

(0.23) 

0.37 

(0.22) 

Household size Continuous Number of people per household 4.5 

(2.3) 

4.8 

(2.5) 

Visits to health 

clinic 

Continuous Average number of visits to the 

health clinic per capita per month 

0.42 

(0.46) 
 

- 

Economic 

Income Continuous Household income in the past 

30 days (USD)* 

50 

(76) 

56 

(86) 

Business owner Binary At least one member of the 

household runs a business (1 if yes) 

0.26 

(0.43) 

0.27 

(0.45) 

Electricity customer Binary The household is connected to the 

electricity service (1 if yes) 

0.19 

(0.39) 

0.22 

(0.42) 

Proportion of 

income from 

agriculture 

Continuous Proportion of household income that 

comes from selling agricultural 

products  

- 0.27 

(0.37) 

Land owned Binary Household members own the 

agricultural land they work on  

(1 if yes) 

- 0.70 

(0.46) 

Area planted Continuous Crop area planted within the past 12 

months (ha) 

- 0.72 

(1.13) 
 

Water access 

Proportion of 

expenses dedicated 

to domestic water 

Continuous Proportion of expenses dedicated to 

domestic water 

0.031 

(0.052) 

- 

Water collection 

time 

Continuous Average time to collect water daily 

per person collecting water (min) 

40 

(31) 

- 

Water consumption Continuous Average daily domestic water 

consumption per capita (L) 

16 

(19) 

- 

Water quality 

satisfaction 

Binary Satisfaction of the respondent about 

domestic water quality (1 if yes) 

0.38 

(0.49) 

- 

Water quantity 

satisfaction 

Binary Satisfaction of the respondent about 

domestic water quantity (1 if yes) 
 

0.79 

(0.42) 

- 

Willingness to pay 

mWTP domestic Continuous mWTP for improved domestic water 

supply (USD/L)* 

0.0014 

(0.0013) 

- 

mWTP irrigation Continuous mWTP for irrigation (USD/L)* - 0.00038 

(0.00086) 

Sample size** 316 248 

Note. Average not in parentheses; Standard deviation in parentheses. 

*Exchange rate: 855 RWF/USD. 

**Households included in the samples are the ones that answered all the questions related to the variables. 
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 The summary statistics on demographic variables indicate that only 7 % of the respondents have 

completed primary school and that 35 % of the households’ population is composed of children aged below 12. 

The demographic variables means are similar between all households and farming households only. Data indicate 

that people visit a health clinic approximately every 2 months. The majority of the households live below the 

international poverty line (1.9 USD per person per day). In addition, the mean crop area planted is lower than 1 ha 

and farming products are mostly used for household consumption. This may explain why a large share of farming 

households (27 %) also run a non-farm business to supplement farming income. The majority of households own 

the land they work on. Regarding domestic water access, water purchases represent a small share of household 

expenses. The quantity of water consumed per capita per day is restricted, especially given that water consumption 

is split between human consumption, cooking, and hygiene. Consumption may be suppressed by the significant 

time and effort required for water collection (typically 40 minutes per person per day) including walking and 

queuing at water collection points. However, the level of satisfaction reveals that water quality is perceived as a 

much bigger problem by the surveyees than water quantity. 

 The average mWTP for improved domestic water is 3.5 times as high as for irrigation. Moreover, the 

coefficient of deviation (ratio of the standard deviation to the mean) for the mWTP for irrigation is 2.5 times as 

high as for domestic water. It means that the mWTP responses for irrigation are more variable than the responses 

for domestic water. However, these differences in mean and deviation of mWTP have to be interpreted with caution 

because the mWTP questions were not phrased exactly the same way for domestic water and irrigation. As 

explained previously, these different phrasings are due to the fact that the study mainly focuses on the determinants 

of mWTP and not on its absolute value.   

4.2 Determinants of the mWTP for improved domestic water supply 

 The results of the regression describing the mWTP for improved domestic water are presented in Table 3. 

Weighted results are presented with and without village fixed effects. 

 Results indicate that the main demographic determinant of the mWTP for domestic water is the proportion 

of children in the household. The higher the proportion of children, the lower the mWTP. This could be because 

children often participate in the collection of water for domestic use, making it easier to collect more water. More 

children may also allow households to collect more firewood to boil low quality water and combat water borne 

diseases. Results also provide suggestive evidence that the age of the respondent is negatively correlated with the 

mWTP, which is similar to several studies in the literature. Possible explanations include that older people have a 

shorter planning horizon, inertia related to age and that relatives often fetch water for old people in the considered 

villages. The business owner variable is positively correlated with the mWTP for domestic water access. This 

could occur if business owners have a better appreciation of the benefits of improved domestic water access. The 

electricity customer variable is not correlated with the mWTP. The satisfaction with water quality and quantity are 

both strongly negatively correlated with the mWTP, which is consistent with the literature. Indeed, it is logical 

that households which are not satisfied with the low quality of their water source compared to existing alternatives 

have a higher mWTP. There is suggestive evidence that the water collection time is negatively correlated with the 

mWTP. This could occur if households that currently travel further have lower shadow values of time. Thus the 

savings from closer water would be less valuable. It could also occur if larger travel distances take people to better 

quality water sources. In this case, a new source with less certain quality may have lower value. 

 We extend the analysis regarding the influence of electricity access on the mWTP for water infrastructure 

by exploring electricity service satisfaction. More specifically, for the 160 households of the dataset which are 

electricity customers, we study the relation between their satisfaction with the electricity service and their mWTP 

for improved domestic water. The satisfaction with the electricity service is proxied by the reliability of the service. 

Data about interruptions in the electricity service for each electricity customer were collected through the survey. 

The electricity service reliability variable is equal to 1 if there was no interruption in the electricity service during 

the week preceding the survey and to 0 if there was. For the 160 households which are electricity customers, the 

mWTP for improved domestic water is regressed against the electricity service reliability variable, using the tobit 

model with weighted data. Moreover, the same regression is also performed by including the other control 

variables of the model (those from Table 3). There is no correlation between the satisfaction with the electricity 

service and the mWTP for improved domestic water supply. This may be because electricity supply and water 

supply are viewed as two very different types of services by the respondents. Alternatively, poor households such 

as the ones in the surveyed villages, may not be demanding in terms of the quality of services provided (Deloitte, 

2016).  
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Table 3 - Determinants of the mWTP for improved domestic water supply - Weighted results 
Variable Without  

Village Fixed Effect 

With  

Village Fixed Effect 

 

Demographic 

  

Education -0.000240 -0.000389 

 (0.000296) (0.000254) 

Gender  0.000180 0.000159 

 (0.000189) (0.000166) 

Age -1.26e-05 -1.57e-05** 

 (7.83e-06) (7.81e-06) 

Proportion of children -0.000841* -0.000688** 

 (0.000432) (0.000325) 

Household size -3.26e-05 -4.42e-06 

 (3.25e-05) (3.21e-05) 

Visits to health clinic -0.000328 -0.000310 

 (0.000235) 

 

(0.000213) 

Economic   

Income 1.24e-06 1.04e-06 

 (1.15e-06) (8.81e-07) 

Business owner  0.000413* 0.000326* 

 (0.000210) (0.000181) 

Electricity customer 0.000246 0.000208 

 (0.000176) 

 

(0.000145) 

Water access   

Proportion of expenses dedicated to domestic water 0.000215 0.000723 

(0.00160) (0.00149) 

Water collection time 1.27e-06 -5.45e-06* 

 (3.59e-06) (3.28e-06) 

Water consumption -7.12e-06 -2.25e-06 

 (4.40e-06) (4.73e-06) 

Water quality satisfaction -0.00113*** -0.000463** 

 (0.000231) (0.000227) 

Water quantity satisfaction -0.000649*** -0.000852*** 

 (0.000183) (0.000167) 

 

Constant (𝛽0) 0.00301*** 0.00426*** 

 (0.000490) (0.000564) 

   

Sample size 316 316 

Note. Output of tobit model. The dependent variable is left-censored at 0. 

Note. Regression coefficients estimates not in parentheses. Standard errors in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1 

4.3 Determinants of the mWTP for irrigation 

 The results of the regression describing the mWTP for irrigation are presented in Table 4. Weighted 

results are presented with and without village fixed effects. 

 There is a positive correlation between education and the mWTP for irrigation water, which is consistent 

with the literature. Indeed, educated famers may be more aware that irrigation can improve productivity. There is 

suggestive evidence that the age of the respondent is negatively correlated with the mWTP. This may be due to 

the fact that older respondents have a shorter planning horizon and to inertia related to age. Further, business 

ownership is positively correlated with the mWTP for irrigation water for all specifications. This could occur if 
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business owners process their own agricultural output to sell, if business owners have a better appreciation of the 

benefits of irrigation, and/or if they have better market access where they could sell increases in production. As 

for domestic water, the electricity customer variable is not correlated with the mWTP for irrigation. The crop area 

planted is positively correlated with the mWTP. This result was expected based on the existing literature and 

because farmers with more land see a bigger impact from yield increases.  

 As with domestic water, the regression between the presence of interruptions in the electricity service and 

the mWTP for irrigation water is performed for the 137 households which planted land in the last 12 months and 

are connected to electricity, using the tobit model. In this case as well, there is no correlation between the 

satisfaction with the electricity service and the mWTP for irrigation. 

Table 4 - Determinants of the mWTP for irrigation - Weighted results 

Variable Without  

Village Fixed Effect 

With  

Village Fixed Effect 

 

Demographic 

  

Education 0.000944** 0.00104** 

 (0.000414) (0.000482) 

Gender  5.62e-05 -0.000352 

 (0.000367) (0.000350) 

Age -2.57e-05 -3.21e-05** 

 (1.70e-05) (1.54e-05) 

Proportion of children 0.000582 0.000809 

 (0.00103) (0.00102) 

Household size 1.77e-05 -3.37e-06 

 (4.33e-05) (4.29e-05) 

 

Economic   

Income -3.94e-06 -1.96e-06 

 (2.57e-06) (2.42e-06) 

Business owner  0.000846** 0.000770** 

 (0.000326) (0.000336) 

Electricity customer -0.000508 -0.000324 

 (0.000319) (0.000307) 

Proportion of income from agriculture 0.000180 0.000343 

(0.000576) (0.000461) 

Land owned -0.000288 -0.000361 

 (0.000390) (0.000376) 

Area planted 0.000429** 0.000332* 

 (0.000202) (0.000177) 

Constant (𝛽0) -0.000482 -0.000599 

 (0.00102) (0.000958) 

   

Sample size 248 248 

Note. Output of tobit model. The dependent variable is left-censored at 0. 

Note. Regression coefficients estimates not in parentheses. Standard errors in parentheses. 

*** p<0.01, ** p<0.05, * p<0.1 

5. Discussion, conclusion and policy implications  

 Results indicate that the determinants (p<0.1 for all model specifications) of the mWTP for improved 

domestic water are the proportion of children in the household, business ownership, and satisfaction with water 

quantity and quality. The determinants (p<0.1 for all model specifications) of the mWTP for irrigation are 

respondents’ education, business ownership and crop area planted. Importantly, the majority of the determinants 

of the mWTP for domestic water and irrigation are different, which suggests that it may be difficult to design 

policy schemes that target both water uses at the same time. The only determinant that is common to domestic 
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water and irrigation is business ownership. Consequently, if a scheme which targets both uses is to be implemented, 

business owners could be priority customers. Regarding domestic water, given that the dissatisfaction about water 

quality is one of the main mWTP drivers, an effective policy may be to target areas where the quality of existing 

water sources is very poor. This is notably the case of surface sources like lakes and rivers. For irrigation, crop 

area planted is one of the main determinants, and companies, NGOs, or governments may therefore want to 

propose irrigation to farmers who work on large fields. However, this might contribute to increasing inequalities 

amongst farmers. 

 This study also shows that the mWTP for domestic water and irrigation are not strongly influenced by 

the fact that households are connected to electricity, which is provided by solar microgrids in our case, or by the 

satisfaction with the microgrid electricity company. Microgrid companies may therefore be equally interested in 

targeting current customers and non-customers when it comes to providing water-related services.  

 Finally, results indicate that the average mWTP for domestic water is higher than for irrigation and that 

the mWTP dispersion is lower for domestic water than for irrigation. Investments in domestic water may therefore 

appear safer. However, microgrid companies may still also want to target irrigation water as it could generate cash 

through crop sales that could be used for buying electricity. In addition, the initial investment per unit of water 

provided may be lower for pumping systems for irrigation than for domestic water. Indeed, domestic water systems 

often require drilling for accessing drinkable underground water and building water towers, which are two costly 

operations (Harvey and Reed 2004; Meunier et al. 2018).  Finally, while the mWTP is higher for domestic uses, 

agriculture may use higher volumes of water. Therefore, with a low marginal cost system, the return to investment 

could be higher for irrigation systems. 

 The main limitations of our study are the ones associated with stated preferences methods (Hausman 

2012). The use of stated preferences is justified by the fact that revealed preferences methods are not applicable in 

this case. Another limitation is the use of open-ended questions and the associated potential hypothetical bias. The 

motivation for this choice is that bidding games and choice experiments may not be culturally accepted in the 

targeted communities. They may therefore result to a lower response rate and be detrimental to the reputation of 

the microgrid company with which the study is performed. Also, this study focuses on the determinants of the 

mWTP, and there is no reason to think that the hypothetical bias will affect these determinants.  

 Future work should first quantify mWTP and expected total household expenses for alternative types of 

water infrastructure. In addition, future work could examine sources of heterogeneity in the determinants of 

mWTP.  This would facilitate the extrapolation of results to other rural areas of developing countries. 

 Despite these limitations, the results of this study can help companies, governments and NGOs to compare 

the benefits and revenue generated by infrastructure for domestic water, irrigation, and other services. It can also 

provide useful information for the deployment of improved water infrastructure, notably in villages which are 

partially electrified, which is the case of an increasing number of villages in developing regions. Finally, it is 

expected that our partner electricity provider will install motorized water pumps in some of the studied villages in 

the next years. It will therefore be possible to compare the outcomes of our stated preference study to revealed 

preference results. This will build on the knowledge of stated preferences methods, which are often required when 

the demand for a service has not yet been fulfilled.  

 

Notes 
1. 9 villages were in fact surveyed but one is not considered due to its relatively large size and lack of 

representativeness for typical rural villages. 

2. The ‘villagisation’ policy (umudugudu) started in 1994, after the genocide, to settle returnees. Households were 

grouped into dense villages. 
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Appendix: Contingent valuation survey questions 

Domestic water 

Would you agree to pay to be able to use a motorized water pump in your village? 

If yes, what is the maximum price you would be willing to pay per jerrycan/bucket/L?  

Irrigation 

Would you agree to pay to have enough water to irrigate your land during the whole year? 

If yes, what is the maximum price you would be willing to pay per jerrycan/bucket/L/m3? 

Remarks 

If people answered that they are not willing to pay, we considered that their mWTP is 0 RWF/L. 

If people gave a mWTP in RWF per bucket or jerrycan, the surveyor asked the respondent to show him a typical 

bucket or jerrycan used for the considered water use and measured it. The greatest majority of respondents use 

jerrycans of 20 L. 

The answers were then converted to USD/L (Exchange rate: 855 RWF/USD). 


